Neuropathologic characterization of INF2-related Charcot-Marie-Tooth disease: evidence for a Schwann cell actinopathy.
The association of Charcot-Marie-Tooth (CMT) disease with renal dysfunction is uncommon but has long been recognized in several families. Recently, mutations in the INF2 gene, which encodes inverted formin-2, were identified in patients with focal segmental glomerulosclerosis and a dominant intermediate form of CMT (CMTDIE, OMIM #614455). We describe the pathologic lesions of nerve biopsies from 6 patients with INF2-related CMTDIE. There were 4 females and 2 males; ages were from 12 to 47 years; durations between neuropathy onset and biopsy were from 2 to 37 years. Clinical phenotypes were similar to those seen in other forms of CMT disease, but there was always an associated proteinuria (and later renal failure). Motor median nerve conduction velocities were in the range of intermediate CMT disease. Pathologic lesions suggested chronic demyelination and remyelination associated with progressive axonal loss. By electron microscopy, we observed unusual whorl-like proliferations of flattened Schwann cell cytoplasm and anomalies of unmyelinating Schwann cell cytoplasm with supernumerary elongated extensions similar to those described in CMT4C. We also observed abnormal accumulation of β-actin in the cytoplasm of Schwann cells. Our results suggest that these lesions reflect a global disorder of the actin cytoskeleton in Schwann cells and that CMTDIE is the first peripheral nerve disorder associated with a Schwann cell actinopathy.